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ABSTRACT
A survey of radiographic films to establish the best
donor/ receiver combination for use in the autoradiographic image in
tensification technique was studied. Underexposed images of a 16 step
aluminum wedge and a resolution target were made with Kodak film types
XG-1, XL-5, XV-2, NMC or DuPont Cronex film. The underexposed,
developed and processed films were treated in a subtractive photo
graphic reducer (mixture of potassium ferricyanide and sodium thio-
sulfate) prior to radioactivation with an alkaline solution of
sulfur-35 thiourea. Autoradiographs of the radioactivated films were
made. Both qualitative and quantitative evaluations of the intensified
images and their corresponding characteristic D-Log Rel . H curves
indicate that Kodak films XG-1 and NMC formed the best donor and re
ceiver combination. Statistical analyses of the quantitative results
confirmed the choice of the XG-l/NMC combination as the best donor and
receiver respectively.
The use of sulfur-35 thiourea with high specific activity for
activation of the underexposed image yielded disproportionate acti
vation in the low and high density areas. Use of low specific
activity sulfur-35 and potassium ferri cyanide during the activation
process seemed to indicate that linear activation of the underexposed
step wedge can be achieved.
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Information recovery in health related fields is a very impor
tant area of research. Each year in hospitals, clinics and private
offices, many unacceptable radiographs accumulate. An unacceptable
radiograph is one that is not properly exposed; it may be under
exposed or overexposed. Generally, a repeat X-ray is taken. However,
if the underexposed radiograph can be enhanced in such a way that it
is diagnostically meaningful, then recovery of valuable information
can also be achieved.
To overcome some of these underexposure problems, various new
techniques have been developed. These techniques include faster
emulsions, electrostatic imaging, intensifying screens, computer pro
cessing, scatter rejection, xeroradiograph^ processes and increased
quantum efficiency (1,2). To an extent, each new technique is
capable of intensifying an underexposed image while still maintaining
good image quality. However, in each system there exists a point
beyond which further optimization attempts are futile (1,2).
An area that may contribute to reduced exposure and also insure
good quality images is postdevelopment intensification. Several
methods of postdevelopment intensification have been investigated (3,
4,5,6,7). One such method is autoradiographic image intensification.
Using this procedure, a processed film is converted to a radioactive
form by reacting the silver grains with a radioactive compound. The
radioactivated film (donor) is then placed in contact with an unexposed
emulsion (receiver) thereby exposing it to nuclear particle emissions
rather than conventional visible light exposure achieved with a camera
and film. The radioactivated image silver itself is now the exposure
source for the contact exposure. Thus, the system is self-exposing
as opposed to being exposed by an external source. Hence, the term
autoradiography.
Askins (8), Dempster (9) and Vachon (10) used sulfur-35 thiourea
as the radioactive image labelling compound. Each of them has demon
strated that an underexposed image can be intensified through post-
development intensification with the use of this compound.
Askins1
article in The American Archivist is an application of
the autoradiographic intensification method (8). The article de
scribes the intensification technique of restoring faded photographic
images. The process occurs by labelling image silver with beta
emitter. Contact exposure then provides a restored image. The
condition of the donor emulsion is the limiting factor for the
procedure.
Dempster's work with autoradiographic amplification illustrates
that it is possible to intensify underexposed images on Tri-X films
(9). He found that it is possible to attain speed increases as well
as low contrast resolution increases.
Vachon 's research also illustrated that autoradiographic inten
sification is possible (10). He found that it was possible to reduce
the amount of fog in the autoradiograph with the use of a subtractive
reducer on the donor. This reducer eliminates some of the smaller
aggregates of silver existing as fog and as image. Although some of
the image silver is eliminated, enough still remains to be intensified
by the activation process. Using this technique, Vachon found that
contrast and speed increased in the final image, while resolution was
not degraded.
The principal goal of this research was to conduct a survey of
X-ray films for autoradiographic image intensification with the aim
of establishing:
a. The best donor/ receiver film combination.
b. Image information gained from underexposed films.
c. The sensitometry of the procedure.
d. Steps toward the optimization of the existing process.
A typical medical X-ray film has a base thickness of approx
imately 200 microns. This base is coated with a subbing agent which
insures good adhesion to other layers. The thickness of the dried
emulsion coating is between 5 and 10 microns for rapid processing
films. The silver halide to gelatin ratio in nuclear emulsions can
2
be 5:1 by weight. Coated silver content is from 1 to 2 mg/cm .
The grains are more closely packed in this type of emulsion than in
ordinary emulsions. Grain diameters vary
from .2 to 3 microns. A
supercoat of gelatin .5 to 1 micron thick is put on top of the emul
sion to prevent abrasion. Nuclear emulsions are coarser grained and
have a lower silver halide to gelatin ratio. X-ray films are generally
coated on both sides of the base to take full advantage of X-radiation
penetrability. Contributions from both emulsion sides increase both
density and contrast of the image.
The six films surveyed were selected on the basis of their avail
ability and their common use in radiologic examinations. The films
include single and double-sided emulsions, fast and slow emulsions,
radiographic and fluorographic types.
XL-5 - a very wide latitude film; used for general radio
graphic purposes; double-sided film.
XG-1 - a film used for general radiography and subject
extremities; it is a double coated film that
gives excellent, crisp, sharp detail; XG-1 type
exhibits high contrast and yields low quantum
mottle.
SB-5 - a very fast single-sided film; exhibits wide
latitude; yields sharp detail and possesses
wide exposure tolerance; a fluorographic film
used to photograph an X-ray image which has been
projected onto a fluorescent screen.
XV-2 - a very slow, double coated X-ray film; used with
out an intensifying screen for dosimetry;
placed behind the target to approximate patient
dosage.
Cronex - a DuPont product coated on one side only; used
for mammography.




Two general methods of postdevelopment intensification have been
used. These are chemical (11,12) and autoradiographic (3,7,14-20)
methods. Chemical intensification involves changing the porosity and
covering power of the silver grain; converting to a silver compound
which absorbs light more strongly; and most importantly, increasing
the size of the silver grains or depositing more metal (silver or
another element) atoms by a chemical reaction. For example, the
silver of an underexposed image is converted to an opaque compound
using a solution of either potassium dichromate and sulfuric acid or
a quinone-thiosulfate mixture (11,12). The autoradiographic intensi
fication procedure involves rendering the silver image radioactive.
Different techniques to accomplish this are nuclear activation (7,13),
radioisotope exchange (7,14) and radiotoning (3,7,15,16,17,18,19).
Nuclear activation occurs by bombarding silver in the film with
neutrons (7,13). Two stable isotopes are silver-107 and silver-109.
They are transformed by,
107Ag (n,y) 108Ag and by
109Ag (n.r) 110%
Autoradiographic contact between the activated emulsion and a receiver
emulsion then produces image intensification. Problems exist with
1f)8
this process because Ag has too short a half-life of 2.3 minutes
1 1 fim
and emits 1.57 MeV beta radiation and some gamma radiation. Ag
also emits undesirable gamma radiation and has a very long half-life
of 249 days. Impurity elements in the gelatin are also activated.
Thus, the receiver film is fogged exclusively due to contributions
from fog centers as well as gelatin impurities. This fog in turn
limits the signal to noise ratio, thereby impairing image quality.
One other large complication is that in order to execute the necessary
nuclear transformations, a nuclear reactor must be available and the
reactor is quite expensive.
Radioisotope exchange involves the exchange of radioactive silver
with emulsion silver (7,14). The major disadvantage of this process
is that the reaction is very slow and often incomplete. In addition,
gamma rays are emitted which are not efficient for autoradiographic
contact to a receiver emulsion.
Radiotoning is a chemical reaction in which the radioactive
toner is reacted with silver grains. This has been accomplished
with such substances as polonium-210, californium-252, nickel -63
and silver-HOm (3,7,15-19). All of these possess some attribute
undesirable for autoradiography. These include gamma radiation,
toxic alpha emissions and high biological toxicity. Sulfur-35 in the
form of sodium polys ul fides has also been used as a radiotoner, but
is unstable. It has problems such as rapid decomposition, evolution
of radioactive hydrogen sulfide gas, formation of radioactive com
pounds with gelatin and silver. In 1976, Askins introduced the use
of sulfur-35 thiourea to be used as a radiotoning compound (20).
The advantages of the use of sulfur-35 thiourea at high pH for auto
radiography over other sulfur-35 compounds are that it reacts with
silver ion, has a maximum energy value of 167 keV and is a pure beta
emitter. Particle path in air is approximately 25 cm. and the
half-
life is a convenient 88 days. The use of this isotope as a radio-
activating agent, however has not been fully investigated. For its
obvious advantages over other compounds, sulfur-35 thiourea was used
in this research. However, much work is needed to improve the
system (6).
The autoradiographic image intensification method is a two
stage process; stage one being the exposure of the original film and
stage two being the autoradiographic contact exposure. As Dainty
and Shaw point out, ultimate sensitivity may be achieved from a two
stage process where the second stage is amplification of a high DQE
first stage (21). The autoradiographic intensification procedure is
a step towards the ultimate sensitivity in that the first stage is a
high DQE step, intensifying screen exposure. The increase in sensi
tivity may yield an increase in the limits of information detection
in the radiograph that is currently unavailable. This survey of
radiographic films should point out which film characteristics are





The exposure system for the autoradiographic intensification
method is composed of two stages. The first stage generates under
exposed images by screen X-ray exposures. The second stage, the
amplification stage, involves making the underexposed image radio
active and contacting this radioactivated film to another emulsion.
A. Exposure to X-radiation
The first stage exposures were made with all the six film types
(XV-2, NMC, SB-5,Cronex, XG-1 and XL-5). A 16 step aluminum wedge and
a high contrast resolution target were imaged on each film type. The
aluminum step wedge was calibrated before use. The calibration
procedure is found in Appendix A. A 100% reference exposure was
termed optimum when all 16 steps could be seen easily. The parameters
used to make optimum or 100% reference exposures are found in
Appendix B. To make a 30% exposure, the milliampere-sec (rnAs) was
reduced to 30% of the optimum exposure while other factors were held
constant. Both the optimum exposures and underexposures were pro
cessed in the standard manner using a Kodak X-Omat processor.
B. Autoradiographic Intensification Method
Second stage exposures involved radioactivating the underexposed
films with S-35 thiourea and contacting the radioactivated film to
12
another emulsion which was also processed as described above.
1. Pre-treatment
Preliminary experiments tested various types of pre-treatments.
These included the Askins process, a bleaching process using
ferri-
cyanide and halide and a pre-treatment making use of a subtractive
photographic reducer.
The subtractive photographic reducer was chosen as the type of
pre-treatment to be used in the film survey. This pre-treatment
involved reduction of the silver density with a mixture of potassium
ferri cyanide and sodium thiosulfate. The films were treated for
0, 1 or 5 minutes in a freshly prepared solution of 1 g K3Fe(CN)g
dissolved in 10 ml H20 and 40 g Na2S203 dissolved in 200 ml
H20.
The films were washed in running water for 20 minutes.
2. Activation and Processing Procedure
Following the pre-treatment, each film was activated. Activation
occurred in a print processing drum. The film strips were fixed to
the drum wall with tape on the outermost corner of the film, perpen
dicular to the direction of drum rotation. The activation solution
was agitated evenly over the entire
emulsion for a period of 30 minutes.
The processing schedule that was
used in the survey to determine the
optimum donor/ receiver combination was as indicated on the following
page.
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Pre-treatment - reduction 1 min.
K3Fe(CN)6 (aqueous) 1 g/10 ml




NaOH (.IN) 25 ml
H20 150 ml
S-35 thiourea 25 ml
(thiourea stock solution is prepared from 1.1 mg
of S-35 thiourea of specific activity 5 mCi
dissolved in 250 ml of distilled H20)
Post-treatment
H20 wash 20 min.
The Farmer's reducer pre-treatment was used to eliminate fog.
The reducer incorporates a fix step via sodium thiosulfate. The
fixation in the pre-treatment eliminated any residual silver halide
that may have been left in the film from the first fix. The activa
tion solution contained the radioactive agent and an alkali to
maintain high pH. The solution was placed in the processing drum
and agitated over the emulsion area.
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3. Autoradiographic Exposure
Autoradiographic contacts were made by using each activated film
as the donor. Each donor was placed in contact with each of the six
films to be used also as receivers. The autoradiographic exposures
were made inside a light tight cassette which applied only slight
pressure to insure uniform contact over the entire film. Preliminary
exposures were made for 30, 60, 90, 120 and 180 minutes. Subsequently,
contacts were made with 120 minutes, as this was sufficient for evalu
ation of activation. After contact exposures were made, the 120
minute autoradiographs were processed conventionally in a Kodak X-Omat
processor.
4. Evaluation
The autoradiographs were evaluated visually from Density vs.
Log Relative Exposure (D-Log Rel . H) graphs. Each step of the 16 step
wedge had a corresponding exposure value. The density at a step was
plotted against the log relative exposure value required to obtain
that density. The parameters evaluated from this plot included con
trast, fog, saturation density, resolution and latitude. The acti
vity used was also evaluated with use of a scintillation counter
which measures beta emissions.
Contrast was taken to be the gradient determined by a line con
necting three points on the curve. The average gradient was used.
Another evaluation parameter was base plus fog. Each of the
six films surveyed had a blue or gray tinted base. Each base thus
15
had an inherent density. Any reduction in silver halide that is not
due to latent image formation contributes fog density. X-ray
emulsions are very sensitive to short wavelengths. As a result, fog
can result on the film from cosmic exposure. The cumulative base
plus fog density can also serve to deteriorate image quality. It
is essential then for evaluations of the films, to monitor precise
values of base plus fog levels for each film type.
The next sensitometric parameter was saturation density. This
density was taken to be the peak density value present on a D-Log
Rel. H plot. Ideally, this represents the density achieved when all
grains are completely developed. The higher the value is, the
greater the variations can be. If two adjacent areas of image
possess a large density variation, then it is easier to extract
information from a radiograph.
Another important tool for film evaluation was resolution.
The resolution target imaged on each donor ranged from 2 to 10 Ip/mm.
Measurements were taken from the autoradiographs with the assistance
of a lOx eyeloop.
Latitude was also used to evaluate the films. The wider the
range of usable exposure, the more information exists. Latitude was
taken to be the useful exposure range, that is, the distance along
the Log Rel. H axis between the lowest
and highest usable points on
a curve.
The last evaluation consideration was the activity absorbed by
the film. This depends on how an emulsion reacts with the
sulfur-35
16
thiourea. The time of activation was kept constant for all films.
Samples of the activation solutions were taken before and after
activation. A scintillation counter was used to determine quantities
of activity used.
The D-Log Rel. H plots and the autoradiographs were examined
visually. The film combination of donor and receiver that resulted
in the best autoradiograph and curve was selected. This constituted
the subjective evaluation. The objective evaluation employed the
sensitometric evaluation parameters discussed as well as statistical






The results of the reproducibility tests confirmed a viable
intensification procedure. It was this previously described pro
cedure that was employed to survey the various film combinations.
A. Reproducibility
The first stages of work involved testing the reproducibility
of the process for autoradiographic image intensification. A 30% of
a 100% reference exposure was used throughout the survey to repre
sent an underexposed image. Early experiments revealed no enhance
ment and little intensification despite the fact that over 74% of
the activity from sulfur-35 thiourea was exhausted from the acti
vation solution. After some initial problems were eliminated it
was found that a step wedge and resolution target could be reproduced
consistently.
B. Reducer Time Series
An important source of variability is the time a film is reduced
in pre-treatment. To help prevent this potential problem a reducer
time series was performed to indicate which reduction time should be
used in the survey. The time series was carried out on all 36 com
binations. The times used were 0, 1 and 5 minutes. Following
reduction, the donors were activated and contact printed as usual.
19
Figure 1 contains data for donor films before and after re














Figure 1. Comparison of Cronex donor curves before reduction and
after 1 and 5 minutes of reduction.
Figure 2 illustrates the effect of different reduction times
on the resulting autoradiograph. The donor film was G and the









Figure 2. Reduction times of 0, 1 and 5 minutes produced these
autoradiographs.
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Reduction for 0 minutes resulted in extremely high base + fog
levels because none of the fog centers were eradicated prior to
activation. All 36 D-Log Rel. H curves possessed essentially no
density gradient. A 1 minute reduction time gave autoradiographs
with better gradients and wider latitudes. D . values varied from
min
.15 to 2.3 . Although a D . of 2.3 is not useful, the majority of
the combinations had values below 1.0 . Saturation Density values
ranged from .7 to 3.3 . Reduction for 5 minutes gave autoradio
graphs with remarkably low D . values. These values ranged from
.08 to .60 . Saturation density values varied from .08 to 2.7 .
Reduction for 0 minutes was not used for the survey because it
gave no gradient on any combination, hence it gave no usable infor
mation. Reduction for 5 minutes was also eliminated since the
majority of the image in the low density steps was washed out of the
film. This reduction time was too long. A toe of the curve did not
even appear in the autoradiographs until a middle step on the wedge.
The underexposed image that was to be enhanced was therefore com
pletely washed out before the activation. The 1 minute reduction
time was selected for the survey pre-treatment time. Every donor
yielded some gradient in the autoradiograph. Usable latitudes
existed and toe portions of the curves appeared in the early density
steps, where information recovery was sought the most.
22
C. Autoradiographic Exposure Time Series
The sources of variability in the survey of films have been
standardized as much as possible except for the duration of contact
between an activated donor and the unexposed receiver film. To
standardize this procedure, an autoradiographic contact time series
was performed to see which single contact time could give the best
data for all the donor/ receiver combinations. The donor film was
pre-treated by use of subtractive photographic reducer, activated as
usual and contacted to a receiver for .5, 1, 1.5, 2.0 and 2.5 hours.
Figure 3 shows the effects of contact exposing for various times.
XG-1 film was reduced for 1 minute, activated and contacted to NMC
for 1, 1.5, 2.0 and 2.5 hours.
It was found that 2.0 hours of contact gave acceptable D-Log
Rel. H curves and it is this time that was used in the survey. Times
less than 2.0 hours produced autoradiographs that were still slightly
underexposed. Contact times of 4 hours and more were necessary for











































These curves are representative of 100% reference and 30% exposures
on the other donor films also. The 30% exposure is the underexposed
radiograph. To extract as much information as possible from the
underexposure, it was necessary to manipulate the 30% curve until it
approached the optimum curve. This was accomplished with the auto
radiographic intensification method. The aim then, was to survey
the curves generated by all combinations of donors and receivers and
select the combination that produced an autoradiograph that most
closely approximated the optimum exposure.
A donor film type was used in conjunction with each of the 6
films as a receiver. The 6 resulting curves were then plotted with
D vs. Log Rel. H. This procedure was used for all 6 donors. Figures
5-10 show the autoradiographic curves produced by the 36 combinations.
Each curve that appeared visually acceptable in Figures 5-10 was
marked with an asterisk and placed on a separate D-Log Rel. H plot
for comparison. Figure 5 used NMC as the donor film. There were no
combinations selected from this figure primarily due to the high fog
content. The curves had low saturation density levels also. No
curves were selected as possible combinations from Figure 6 either.
Fog was too high and little density gradation was present. Figure 7
reveals one good curve. The combination of XG-l/NMC produced a low
fog, wide latitude, good saturation density autoradiograph. Figure 8
had two selections. XV-2/Cronex and XV-2/NMC produced good curves.
They showed high contrast and saturation density. Some information






Figure 5. Autoradiographic curves produced from a NMC donor contact


















Autoradiographic curves produced from a Cronex donor










Autoradiographic curves produced from a XG-1 donor






Figure 8. Autoradiographic curves produced from a XV-2 donor













Figure 9. Autoradiographic curves produced from a SB-5 donor






Figure 10. Autoradiographic curves produced from a XL-5 donor
contact printed for 2 hours to all 6 receiver films.
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reduction pre-treatment time. Figure 9 used SB-5 as the donor and
did not produce any good autoradiographs. No selections were made
from this figure. A longer exposure contact time was obviously
necessary to produce good curves. Figure 10 illustrates the pro
duction of two good autoradiographic curves from XL-5/Cronex and
XL-5/NMC. The other curves did not have high saturation density
values and possessed too much fog.
Figure 11 shows the visually apparent best combinations. The
first film listed is the donor. The second film is the receiver.
From this plot, a final combination was selected and appears in
Figure 12. The combination XG-l/NMC was selected as the best
donor/ receiver. The logic behind the selection is seen in the plot.
The fog level for this combination was very low and has an optical
density of .03 . The XG-l/NMC combination in the 2 stage process
produced a fog level of only D = .04 in the autoradiograph. The
combination produced a very wide usable latitude. It also exhibited
the greatest film speed as evidenced by the density gradient occurring
at the early exposure values. Another beneficial factor was the
existence of a gradient in the toe portion. Since the function of
this technique was to recover information, the gentle toe revealed the
information that was not detectable in the underexposure. Thus, in
formation has been recovered. Although XG-l/NMC did not possess the




















Curve selected as the autoradiograph resulting from the
best donor/ receiver (XG-l/NMC) film combination.
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E. Sensitometry
A quantitative evaluation of autoradiographs produced from all
36 combinations of donors and receivers was performed with the use of
the sensitometric parameters described in the EXPERIMENTAL section.
Each film type has its unique characteristics. The different
films possess varying base and fog levels which are listed in Table 1.
Values for base density were arrived at by fixing an unexposed sheet
of each film in Kodak Rapid Fix and recording the density. Values of
base + fog came from processing an unexposed sheet of each film nor
mally in a Kodak X-Omat processor and recording the density. The
inherent fog for each film type is the difference between its
base + fog density and its base density.
Table 1. Fog and base levels for the films surveyed.
Film Base
Dens'
ity Bas e + Fog Inherent Fog
XG-1 .12 .19 .07
XV-2 .13 .15 .02
SB-5 .14 .50 .36
XL-5 .13 .27 .14
Cronex .15 .34 .19
NMC .03 .07 .04
36
Tables 2-6 contain measured responses for each evaluation para
meter.
Table 2. Contrast values produced in the autoradiographs by the
various combinations of donors and receivers.
DONOR FILM


























































Table 3. Latitude values produced in the autoradiographs by the
various combinations of donors and receivers.
DONOR FILM






































































Table 4. Saturation density values produced in the autoradiographs
by the various combinations of donors and receivers.
DONOR FILM





































































Table 5. Fog levels produced in the autoradiographs by the
various combinations of donors and receivers.
DONOR FILM










































































Table 6. Resolution values in lp/mm, produced in the autoradio
graphs by the various combinations of donors and receivers.
DONOR FILM








































































Table 7 contains a record of all responses contributed by every
combination for each parameter. Each combination was ranked according
to its performance in the production of an autoradiograph. The best
response for a parameter ranked 36, while 1 represented the minimum
response noted. The top letter indicates the donor film. The bottom
letter indicates the receiver film. The column designated as
"Total"
represents the summation of the rankings of a combination for all 5
evaluation parameters. The value of this summation determined a
combinations final ranking. For example, the combination XV-2/NMC
produced an autoradiograph that ranked the best and had a total of 155.
This total was arrived at by adding the rank for each response para
meter. For resolution, XV-2/NMC had a rank of 35. For contrast it
had 34, 31 for saturation density, 34 for base plus fog and 21 for
latitude. The sum of these values is 155. The same procedure was
used for all other combinations. Since 155 was the highest sum total,
XV-2/NMC had a final ranking of 36.
The initial results of the quantitative analysis indicated 4 com
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To further support the selection of combinations, statistical





A. Processing Schedule Modification
The Original (Askins) design of the schedule was adjusted and
a new intensification procedure resulted. The entire pre-treatment
and post-activation washes were eliminated. The solvent action of
methanol washes wasn't necessary because radiographs have no charac
teristic adhesives. The fixation step was not used because Farmer's
reducer in a pre-treatment would provide the necessary fix via
sodium thiosulfate.
Various new pre-treatments were tried. These included
bleaching to convert image silver to silver halide which could then
react with sulfur-35 thiourea (23), oxidation to leave silver in its
ionic state to facilitate the reaction with sulfur-35 thiourea and
reduction which would get rid of fog centers in the donor and thus
in the autoradiograph. The reduction was selected and was used as
the schedule pre-treatment for the survey.
B. Survey of Film Combinations
As pointed out in the results, a reduction pre-treatment for
1 minute was used to prepare a donor for activation. Activation
lasted for 30 minutes and autoradiographic exposure contacts were
2 hours in duration. These criteria were used in the survey.
It must be remembered that when dealing with six different
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radiographic films, there was no single optimum time of reduction
or of autoradiographic exposure. The time depends upon the film
characteristics and the exposure characteristics. In terms of inten
sification and enhancement, 1 minute of reduction and 2 hours of
contact gave the most useful data.
1. Subjective Analysis
The type of radiographic diagnosis employed by radiologists
involves qualitative procedures whereby determination of acceptable
images is achieved through visual inspection. In the selection of
the best donor/ receiver combination, this subjective approach as
well as objective results were used. It must be pointed out that
in addition to visual comparison of autoradiographs, visual com
parison of the D-Log Rel. H curves produced were also used in this
selection.
If the XG-l/NMC best combination plot is superimposed on the
optimum exposure shown before in Figure 4, the duplication of an
optimum exposure can be seen. Figure 13 shows this superimposition.
As can be seen, the underexposure is enhanced, intensified and
enough information has been recovered to very closely assimilate
an optimum exposure.
Donor film type XG-1 and receiver type NMC was selected as the
best combination, however, the combination of XL-5/NMC very much
resembled the best combination as seen in Figure 11. The 2 curves



















Superimposition of survey selection XG-l/NMC autoradio







Figure 14. Superimposition of survey selection XL-5/NMC autoradio
graph and an optimum exposure curve.
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density gradations. The base + fog is D = .06, which means that the
fog level in the 2 stage process is less than the fog in the original
donor. The basic difference between the 2 combinations is the speed.
XL-5/NMC is the slower combination as indicated by the toe portion
of the curve requiring a longer exposure value to manifest itself.
Figure 14 is a superimposition of XL-5/NMC on the optimum
exposure curve. Once again, if exposure is adjusted, the auto
radiograph resembles the optimum curve.
By subjective evaluation then, the best choices for production
of an enhanced autoradiograph are the combinations of XG-l/NMC and
XL-5/NMC.
2. Sensitometry
All of the sensitometric evaluation parameters used in the
evaluation were given equal importance. No sensitometric property
is outstanding in priority for determining whether or not an image
is acceptable. Rather, a tradeoff among properties is commonplace.
The parameters assume priorities only after the particular radiologic
need has been defined. In this case, no specific need has been
dictated other than overall information recovery. Hence, no priority
for the parameters existed.
Since no particular problem was outlined, the best possible
film combination would produce an autoradiograph that possessed the
greatest resolution, high contrast, the lowest fog level, high
saturation density and wide latitude. These criteria determined
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(ANOVA) was performed on each sensi
tometric parameter to see if there is any difference among donor
films used to produce an autoradiograph. An ANOVA was also used to
see if there is any difference among receiver films. If there were
no difference among the films, then any film could be used as a
donor or receiver. The analysis of each parameter involved 2 factors
(donor and receiver) at 6 levels (6 film types), or a 2 factorial
experiment.
Through the ANOVA it was found that all 6 films act differently
as donors and act differently as receivers for contrast, base + fog,
latitude and saturation density. For the parameter resolution,
all the donors and receivers behaved as though they were the same
film type. That is, as indicated by the ANOVA, there was no differ
ence among donors or receivers for production of resolution in an
autoradiograph. This might indicate that resolution is not an impor
tant criterion for determining the best film combination. A better
inference is that random error in measurement of resolution was so
large that the data are not significant. Despite the statistical
findings, it was felt that resolution is an important criterion for
analysis. Resolution is dependent upon many significant factors.
The beta particle emissions from the radioactivated donor were not
collimated and thus emitted radiation in random directions. In this
case resolution then becomes dependent upon many physical concepts.
52
It depends on the distance between the beta emitting source and the
receiver emulsion. It depends upon the thickness of both emulsions.
It depends on the grain size of the emulsion. It also depends on
the penetrability of the exposing radiation of sulfur-35 thiourea.
However, whether resolution is used or not, it was found that the
top 5 combinations were the same in both cases. Thus, the evaluation
was not influenced by the omission of resolution.
If resolution is eliminated from evaluation, the donor/ receiver
combinations take on new rankings listed in Table 8.






XL-5, XV-2 Cronex 33
It is obvious from this data that NMC film is the choice for the
best receiver and XG-1, XL-5 or XV-2 would be appropriate donor films,
The
"apparent"
best combinations just mentioned can be narrowed
down further with the use of an interaction graph and a Newman-Keuls
paired comparison test. When the effect of a donor varies with a
response variable of a receiver, then interaction occurs.
This is
the case at hand, since donors and receivers behave differently


































































































except for resolution, as indicated by the ANOVA. An interaction
graph helps to visually locate interaction sites. To get a good
response from a parameter these sites should be avoided. The Newman-
Keuls test helps to isolate which levels (films) of each factor
(donor, receiver) are contributing to the fact that the films behave
differently. This information can also be found in Appendix C, for
each parameter.
The interaction graph for the parameter, contrast, suggests
that to achieve the greatest contrast, XV-2 type film should be used
as the donor and any film can be used as the receiver. This means
that of the 5 highest ranking film combinations XV-2/NMC and
XV-2/Cronex would produce the highest contrast in an autoradiograph.
The Newman-Keuls test supports the claim just made by proving
that XV-2 is significantly different from all other films used as
donors. The test also indicates that XL-5 and NMC are different from
Cronex and SB-5 as donors. This is because they give higher contrast
levels as seen in the graph. Furthermore, XV-2 is different from
Cronex and NMC when used as a receiver. It is different because it
produces very low contrast levels.
Thus, to produce good contrast in an autoradiograph, XV-2,
XL-5 or NMC should be used as a donor in conjunction with Cronex or
NMC as a receiver. These tests reinforce the combination rankings
by suggesting the use of combinations; XL-5/NMC, XV-2/NMC,
XL-5/Cronex
and XV-2/Cronex.
The interaction graph for latitude reveals large
amounts of
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interaction among films. The only combinations that do not exhibit
some kind of interaction are XV-2/XV-2, XL-5/XV-2, XG-l/XV-2 and
XG-l/NMC. Of these, only XG-l/NMC is a candidate for the best com
bination. The Newman-Keuls test supports this by finding the re
ceiver XV-2, significantly different from the receiver NMC. NMC
is different because it produces a very wide latitude. XG-l/NMC
therefore, is the only combination pointed out that illustrates good
latitude in an autoradiograph.
It is nice to have a high level of saturation density to provide
a wide range of densities in a film. From the interaction graph, it
is seen that donor film SB-5 does not fill this criterion. It should
be avoided for use as a donor film. The Newman-Keuls paired com
parison test backs up this claim by finding SB-5 significantly
different from all other donors. The same test shows that as a
receiver, XV-2 is different from other films because it results in
very low saturation density levels. It should be avoided as a
receiver. The test shows Cronex to be different from XL-5 and XG-1.
This suggests avoiding XL-5 or XG-1 as a receiver. The only
possi
bilities left for a receiver are Cronex, NMC and SB-5. Any film
other than SB-5 could be used as the donor. Of the 5 highest ranking
possibilities, all 5 could be used to achieve a high
saturation
density value.
To recover information from an underexposure it is essential to
minimize the fog level. A combination is needed that
will keep this
fog to a minimum. This an extremely important step in producing
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a good autoradiograph. The base + fog interaction graph reveals a
surprisingly small amount of interaction. The graph shows the donor
Cronex producing gross fog levels. It should definitely not be used
as a donor. The donors showing least interaction are XG-1, XL-5
and XV-2. The receiver showing the lowest production of fog and
least interaction is NMC. The paired comparison test bears this out
and goes one step further. It suggests that as a receiver, NMC is
different from Cronex. The combinations that result in low fog
levels are XG-l/NMC, XL-5/NMC nad XV-2/NMC.
Since the ANOVA found that all films act equally for production
of resolution, an interaction graph and a Newman-Keuls test were not
needed to support the data. The fact that resolution acts as such is
still suspect despite the ANOVA findings. It may be that this con
clusion was calculated as such due to the large number of degrees of
freedom. Were resolution found to be significant however, the same
combinations would fall into the top 5 ranks. The only difference
would be an adjustment in the order of the top 5. This is due to the
fact that they all result in the production of such similar auto
radiographs.
Based on the quantitative data, of the top 5 ranking combinations,
XG-l/NMC, XL-5/NMC or XV-2/NMC should be used to produce the best
possible autoradiographs in quantitative terms of sensitometry. Any




Of the six films surveyed, both quantitative and qualitative re
sults point to film types XG-l/NMC as the favored combination used to
produce an acceptable autoradiograph. It was interesting to note
that although two types of evaluation were used, one objective and
one subjective, the same films were selected as the top 5 combinations
for both types of evaluation. The order of the 5 combinations was
not the same though. To determine the exact extent of agreement
between the two types of evaluation, another statistical technique
was used. This measurement was the correlation coefficient (r).
The calculations can be found at the end of Appendix C. A corre
lation of almost 80% was found. This means that 80% of the time,
the subjective and objective evaluations will indicate the same film
combination. This is a reinforcement of the survey results. All of
these top 5 combinations should produce relatively equivalent auto
radiographs. However, to achieve the best results, either XG-l/NMC
or XL-5/NMC should be used.
C. Process Optimization
The survey provided film combinations that produce
good auto
radiographs. There are a few of these combinations, but XG-l/NMC
was used for all further testing. After the best film combination
was selected, the amount of information recovered from an
under
exposure was then limited by the intensification process itself. To
extract as much information as is possible, the process must be
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optimized. The following experiments were steps toward the eventual
optimization.
Critical to the recovery of information from underexposed images,
are the pre-treatment and activation solution formulations. To this
point both formulations have been modified and adjusted to come up
with the solutions that gave the best film combination. Now that the
optimum combination has been selected, the next step is to attempt
to modify or optimize the activation formulation further.
Typical nuclear reactions make use of only small amounts of
radioactive isotope. In prior experiments, it was not attempted to
react all the silver present. Only a fraction of image silver and
some fog sites were reacted. This is why a less than equivalent amount
of thiourea was used. The interest now lies in more complete con
version of silver. For this reason, excess non-radioactive thiourea
(S-32) was used to react with all silver to completion and mop up
any ions that exist in the emulsion. When non- radioactive thiourea
was added to S-35 thiourea, the specific activity was lowered. When
this combination was used in the activation solution, it was termed
low specific activity. When only S-35 thiourea was used for acti
vation, the solution was termed high specific activity.
1. Low Specific Activity
As just described, it was necessary to supplement the S-35 thio
urea with non-radioactive thiourea to achieve proper stoichiometry
during activation. To the activation solution of 25 ml of .IN NaOH,
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25 ml S-35 thiourea and 150 ml of H20, was added 24.2 mg of S-32
thiourea. The new activation solution to be tested consisted of a
30 minute activation with:
NaOH (.IN) 25 ml
H20 150 ml
S-35 thiourea (.11 mg) 25 ml
S-32 thiourea 24.2 mg
This solution used S-32 thiourea to supplement the S-35 thiourea.
This is necessary because 25 ml of S-35 thiourea does not possess
enough thiourea to convert all existing silver to the silver-thiourea
complex. The following calculations determined how much S-32 thiourea







mass of Ag per dm
-ft 30 for X-ray emulsions
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v a c v 1 dmX 4 . 5 cm X
tp
A -..J UM A
p
30 dm 100 cm
30
1.5 (IO-3) X 11.42 g
where: D = 11.42 for 16 steps of a
30% exposure before bleaching.
.017 g Ag per tablet
Amount of total thiourea needed to react with .017 g Ag:
76 g/mol X .017 g Ag/ tablet
2 X 215.6 g/mol
where: 76 g/mol = M.W. of thiourea
215.6 g/mol = M.W. of Ag
.003 g thiourea/strip
Thiourea content in 25 ml of stock radioactive isotope
(S-35) was .00011 g.
61
The activation solution needs about 28 times more thiourea to react
equivalently with the amount of silver in the film.
The new activation solution was used both with reduction and
bleaching preparations. Following activation, each film was washed
in running water for 20 minutes and dried thoroughly.
a. Reduction
A 30% exposure on XG-1 film was first reduced with potassium
ferricyanide and sodium thiosulfate as before. The donor was then
activated with the low specific activity solution and contact printed
to NMC film. The resulting autoradiograph was underexposed as a
result of the 2 hour contact. The film did not appear fogged any
more than with activation by S-35 thiourea alone. The reason for the
very light autoradiograph is that S-32 thiourea is in competition with
S-35 thiourea for available silver ions. This serves to distribute
the S-35 thiourea more evenly over all steps by tying up silver in
the low density steps with S-32 thiourea, that would normally be
tied up by S-35 thiourea. This enables more S-35 thiourea to react
with high density silver. More equal intensification results. A plot
of donor density vs. receiver density illustrates this equilibration.
Figure 15 is the plot for activation with S-35 thiourea only (high
specific activity).
This figure enables location and amount of intensification to
be seen. The intensification in the low density region of the auto
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Donor(XG-l)
Figure 15. Non-linear intensification in an autoradiograph using a
2 hour contact of XG-1 donor to NMC receiver. Activation
is with S-35 thiourea (high specific activity).
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region. For example, at a donor density of D = .40, the density of
the autoradiograph is D = 2.04 . This is a 410% increase in density
due to intensification. At a donor level of D = 1.4, the autoradio
graphic density is D = 2.74 . Here is a density increase of only
95%. So the low density region is intensified by more than 4 times
that in the high density region.
The S-35 thiourea in the activation solution represents an in
sufficient amount of sulfur for the Ag present, to achieve linear
intensification over all regions. This accounts for the non-linear
plot. Since the S-35 thiourea is non-selective for low or high
density steps, it appears as though the low steps are receiving more
exposure. This is because it is easier to tie up the few low density
silver ions in comparison to the many high density silver ions. The
most obvious solution to the problem is to even out the dispro-
portionality. That is, to enable low and high density regions to be
intensified equally. The exponential D. vs. D , plot^ J ^ donor receiver r
should then more closely approximate a linear relationship.
Figure 16 demonstrates this equilibration of intensification.
The high density steps were intensified as much as the low density
steps. S-32 thiourea is still in competition with S-35 thiourea which
is why the saturation density is only D
= 2.4 after 15 hours of con
tact printing. Fog level is minimal. The combination of reduction
and distribution of S-35 thiourea over more silver via S-32 thiourea
does present a problem in that greater exposures are necessary to




Figure 16. Closer to linear intensification produced in an autoradio
graph using a 15 hour contact of XG-1 donor to NMC
receiver. Activation is with S-35 thiourea + S-32
thiourea (low specific activity).
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Justification for the S-35 distribution theory was provided by
the scintillation count ratio. Films activated without S-32 thiourea
absorb the same amount of activity as films that used S-32 thiourea
in activation. Thus the same amount of radioactive sulfur goes into
the emulsion in both cases, but the linear intensification indicates
that the activity is spread more evenly over more density steps.
b. Bleach
A bleach pre-treatment was also used in testing the use of S-32
thiourea in the activation solution. A 30% exposure on XG-1 film was
bleached with potassium ferri cyanide and sodium chloride prior to
activation. The film was then activated with the new solution using
S-32 thiourea. The NMC autoradiograph was very light for the same
reasons just described in the previous section on reduction. It was
necessary to go to a 15 hour contact time to get a saturation density
of 2.4 . With such a long contact time the base + fog level is D = .5
Some information in the lowest density steps is therefore masked by
the fog. Resolution is 4 Ip/mm, which is only slightly better in per
formance than using S-35 thiourea alone for activation.
c. Comments
The use of excess S-32 thiourea in the activating solution
definitely equilibrates the disproportionate intensification achieved
with only S-35 thiourea. The more equal intensification is accom
plished however, at the expense of contact time. The reduction
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pre-treatment produces better autoradiographs than bleach pre-
treatment, when used with excess S-32 thiourea in the activation
solution. A 15 hour contact exhibits resolution in the autoradio
graph that is equal to an optimum exposure resolution. Fog production
is also much less when excess S-32 thiourea is used in conjunction
with a reduction pre-treatment.
The use of S-32 thiourea in the activating solution insures a
quantitative reaction during activation, which is desirable. Whether
or not the linear intensification resulting from the use of S-32
thiourea is desirable depends on the particular need. For example,
in a case where a film is underexposed to the point that any image
is almost undetectable, then non-linear intensification would be
appropriate. The information in the low density steps might be
retrieved only by surplus intensification in this region. The low
density areas of an intended image may now be so miniscule in the
underexposure, that only by extra intensification in this area can
image be enhanced. Although the use of S-32 thiourea requires longer
contact times, for the purpose of process optimization it was felt




+ 1.3M Na2S203 .... 210ml
H20 wash 20 min.
67
Activation: 30 min.
NaOH (.IN) 25 ml
S-35 thiourea (.11 mg) 25 ml
S-32 thiourea 24 mg
H20 150 ml
H20 wash 20 min.
2. Oxidation During Activation
Subsequent to the use of excess S-32 thiourea to achieve proper
stoichiometry, another optimization step was added. Oxidizer was
put in the activation solution to obtain simultaneous oxidation of
silver metal and labelling of the silver ion. To accomplish this,
silver metal should be oxidized directly in the activation solution.
Therefore, 1% potassium ferri cyanide was added to the activation
formulation. The composition of the solution was:
NaOH (.IN) 25 ml
K3Fe(CN)6 (aqueous)
1 g/10 ml
S-35 thiourea (.11 mg) 25 ml
S-32 thiourea 24 mg
H20 150 ml
a. No Reduction
To test this new idea, a XG-1 type 30% exposure donor was
activated with no pre-treatment. The activation solution now contains
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potassium ferricyanide (oxidizer) in addition to NaOH, S-35 thiourea,
S-32 thiourea and HpO. No longer is the oxidation of Ag to Ag
accomplished by the atmosphere. Oxidation is due to the ferricyanide,
which gives a much more quantitative reaction. The donor was con
tacted to NMC for 2 hours. Saturation density reached slightly more
than 3.0 after only 2 hours of contact. An early toe existed and a
good contrast was evidenced by the density gradations. A problem
did exist with fog level still. Base + fog was almost D
=
.6 . A




The next procedure was then to test the simultaneous oxidation-
activation with the use of reduction pre-treatment. The usual
reduction solution of potassium ferricyanide and sodium thiosulfate
was used to pre-treat XG-1 film. The activation solution again con
tained the oxidizer potassium ferricyanide. The donor was again
contact printed to NMC for 2 hours. The saturation density value
was still very high at D
= 3.0 . A good toe formation and contrast
existed. The base + fog value however was markedly decreased to
D = .12 . This was a tremendous improvement over the no pre-treatment
foq level. A D, vs. D . also reveals very linear intensiy ic ci n l-^qpqp receiver
fi cation through all densities.
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c. Comments
Results of simultaneous oxidation-activation indicate this is
the most efficient type of activation used. Linear intensification
can be achieved here without sacrificing exposure time. Instead of
requiring 15 hours to obtain linear intensification, only 2 hours
are necessary. It is still necessary to use a reduction pre-treatment
to eliminate fog.
The best intensification procedure that can be used is reduction





As a result of extensive objective and subjective evaluation of
the 6 designated radiographic film types, the combination of donor
XG-1 and receiver NMC produces the most diagnostically acceptable
autoradiograph. The combination of XL-5 as a donor and NMC as the
receiver produces very similar autoradiographs. Either combination
is capable of information recovery in the form of intensification and
enhancement.
With the use of the XG-l/NMC combination the information ampli
fication process was improved over the original design. The process
is now more quantitative and more efficient, yet can be optimized
further. There is evidence that a reduction pre-treatment of the
underexposed film is essential to eliminate fog content in the auto
radiograph. There is also evidence that the use of oxidizer in the
activation solution permits activation more rapidly than by relying
on aerial oxidation of the image. Degradation of image quality in
the autoradiographic exposure process was not significant in terms
of resolution. Depending upon the need, the intensification can now
be controlled. Nearly linear enhancement over all density steps has
been achieved and so has nonlinear or preferential intensification
over desired regions. Nearly linear enhancement of density was ob
tained by use of low specific activity, that is total thiourea
(S-35 + S-32), in sufficient quantity to react with all the image
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silver. With smaller amounts of total thiourea, there is preferential
activation of the lower densities. This is controlled by the S-32
thiourea content. Contrast can be controlled with the time of
reduction pre-treatment. Longer pre-treatments result in higher
contrast.
As a direct result of the new schedule, that is simultaneous
oxidation and activation, 30 minutes of activation is no longer
necessary. This time may be reduced to a few minutes. Contact
printing XG-1 to NMC for 2 hours is no longer necessary either.
Two hours was merely used to remain consistent with the autoradio
graphic contact times used for other combinations in the survey.
This time may be reduced.
Thus as a result of this investigation, it is noted that a
minimum of a three-fold increase in sensitivity can be realized
with autoradiographic image intensification techniques. More impor
tantly though is the fact that partially and even totally invisible
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Calibration of an Aluminum Step Wedge
The 16 step aluminum step wedge, used to make all the donor
exposures, was calibrated to determine the exposure received by the
film from each step of the wedge, using the method of Gorski and
PI ewes (Al). Briefly, a calibrated 21 step wedge film strip was
imaged onto the XG-1 film, which was enclosed in a cassette and was
exposed with the aid of a light emitting intensifying screen. The
steps progressed in increments of .15 log units. A Density vs. Log
Relative H plot was made for all 21 exposure steps as seen in Figure Al.
The 16 step aluminum wedge to be calibrated was imaged onto XG-1
film using the exposure parameters to be used in the survey. A
Density vs. Step Number was plotted also on Figure Al. The difference
in Log Relative H units between successive steps of the aluminum
wedge was found using the 21 step calibrated wedge as the reference.
For example, the density of step 1 on the aluminum wedge is found on
the 21 step wedge, and the exposure required to achieve that density
was noted. The density of step 2 on the aluminum wedge is found on
the 21 step wedge and its exposure is noted. The difference in these
values is the Log Rel. H between successive steps. These values
are recorded in Table A2.
Step 0, or the background Dmax is arbitrarily
















ALUMINUM STEP WEDGE NUMBER
I I I I I I I I I
.15 .75 1.35 1.95 2.55
.45 1.05 1.65 2.25




Figure Al. Density vs. step number for the aluminum wedge to be





, or a Log Rel. H value of 3.0 . The Log Rel. H values




X Relative H value of preceding step)
Each of the 16 steps of the aluminum wedge now has its calibrated
value as seen in Table A2.
APPENDIX A REFERENCE
1. J.W. Gorski and D.B. Plewes, "New Sensitometric
Method,"
Application of Optical Instrumentation in Medicine, VII, J. Gray,
editor, The Society of Photo-Optical Instrumentation Engineers,
Washington, 1979, p. 22 ff.
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Table A2. Determination of calibration values for the aluminum
step wedge.
Calibrated























































Exposure Parameters for the Radiographic Films Surveyed
Film kVp mA D(f) t(s) filtration(mm)
XV-2 80 320 6 .40 0
NMC 80 400 12 .16 0
SB-5 80 125 12 .08 0
Cronex 80 400 12 .32 0
XG-1 80 380 12.5 .10 0
XL-5 80 160 12 .10 0
These were the parameters used to make 100% reference exposures for
each film type. To make the 30% exposures, current and exposure time
were adjusted until the product of the two in miHi ampere -seconds was
30% of the reference miHi ampere -seconds.
kVp
= the peak output kilovoltage
mA = the output current in milliamperes
D = the distance from the X-ray source to the film plane
in feet
t = the time of exposure in seconds
filtration = the thickness of aluminum in millimeters placed in







The statistical procedures used in the evaluation of film com
binations were performed on the parameters: contrast, latitude,
saturation density, base + fog and resolution. For each parameter
there is an ANOVA, a Newman-Keuls paired data comparison test for
donor films and one for receiver films and there is an interaction
graph.
The ANOVA determines if all films act independently or act the
same for each parameter. Stated in terms of the hypothesis, the
difference among donors or receivers for a parameter is zero. This
hypothesis is either accepted or rejected. If it was rejected, then
the Newman-Keuls test was performed to isolate the significant
difference to pairs of films. This was done for donors and receivers.
The interaction graph plots the range of the parameter
(responses) vs. film type. This plot points out areas of interaction
of levels. The interaction sites can be avoided in this manner.
For each parameter, the model and hypotheses of the ANOVA were
the same. Rejection of a hypothesis arises when FQ exceeds Fcn-t .
MODEL: Y-.-,, *? a* + Receiver. + Donor. + Residualk/ -.1JK 1 J V J J
H_. ,n Ri s o,i = 1-6 H02:
I J
o^ all .
= 0 n all Q. = 0, j = 1-6
Hll: not all Ri
= 0 Hl2: not all D, = 0
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5 17.04 3.41 2.75 2.6 REJECT H01
2.6 REJECT H022 5 94.14 18.83 15.19












































Source df SS MS Fo FCrit.(5,25,.05)
CD
o
Li_ R,- 5 1.81 .36 6.34 2.6 REJECT H0,
2.6 REJECT H02+ D 5 8.26 1.65 28.88




Source df SS MS Fo Fcrit.(5,25,.05)
O
tt R. 5 41.03 8.21 1.89 2.6 DON'T REJECT H01
2.6 DON'T REJECT H02Dl 5 20.29 4.06 .94
_l





Table CI. ANOVA data for contrast.
DONOR (j)








































































137.12 2.62 2.46 884.47 L64.35 25.91











XV-2 Cronex 4.70 1.95 *
XV-2 SB-5 4.69 1.89 *
XV-2 XG-1 4.11 1.77 *
XV-2 NMC 3.01 1.60 *
XV-2 XL-5 2.82 1.33 *
XL-5 Cronex 1.88 1.89
XL-5 SB-5 1.87 1.77 *
XL-5 XG-1 1.29 1.60
XL-5 NMC .19 1.33
NMC Cronex 1.79 1.77 *
NMC SB-5 1.68 1.60 *
NMC XG-1 1.10 1.33
XG-1 Cronex .59 1.60
XG-1 SB-5 .58 1.33
SB-5 Cronex .01 1.33
Table C3. Newman-Keuls test on contrast for receivers.
OBSERVED SIGNIFICANCE
I vs. II RANGE LSR (*)
Cronex XV-2 1.98 1.95 *
Cronex XL-5 .79 1.89
Cronex XG-1 .55 1.77
Cronex NMC .12 1.60
Cronex SB-5 .03 1.33
SB-5 XV-2 1.95 1.89
*
SB-5 XL-5 .75 1.77
SB-5 XG-1 .52 1.60
SB-5 NMC .09 1.33
NMC XV-2 1.86 1.77
*
NMC XL-5 .66 1.60
NMC XG-1 .43 1.33
XG-1 XV-2 1.43 1.60
XG-1 XL-5 .24 1.33
XL-5 XV-2 1.19 1.33
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Legend Receivers
NMC SB-5 Cronex XV-2
DONOR
Figure CI. Contrast interaction graph.
XL-5 XG-1
Table C4. ANOVA data for latitude.
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DONOR (j)



























































































Table C5. Newman-Keuls test on latitude for donors,
OBSERVED SIGNIFICANCE
I vs. II RANGE LSR (*)
XL-5 Cronex .23 .12 *
XL-5 SB-5 .20 .12 *
XL-5 NMC .17 .11 *
XL-5 XV-2 .16 .10
*
XL-5 XG-1 .11 .08
*
XG-1 Cronex .12 .12
XG-1 SB-5 .09 .11
XG-1 NMC .06 .10
XG-1 XV-2 .05 .08
XV-2 Cronex .07 .11
XV-2 SB-5 .04 .10
XV-2 NMC .01 .08
NMC Cronex .06 .10
NMC SB-5 .03 .08
SB-5 Cronex .03 .08























































NMC SB-5 Cronex XV-2
DONOR
Figure C2. Latitude interaction graph.
XL-5 XG-1
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Table C7. ANOVA data for saturation density.
DONOR (j)








































































138.77 15.44 163.58 174.24 156.00 182.52
<.
!>- 1.96 .66 2.13 2.20 2.08
2.25 **Y1J L59.33
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Table C8. Newman-Keuls test on saturation density for donors.
OBSERVED SIGNIFICANCE
I vs. II RANGE LSR (*)
XG-1 SB-5 1.6 .72 *
XG-1 NMC .29 .70
XG-1 XL-5
.17 .67
XG-1 Cronex .12 .59
XG-1 XV-2 .05 .49
XV-2 SB-5 1.55 .70 *
XV-2 NMC .24 .67
XV-2 XL-5 .12 .59
XV-2 Cronex .07 .49
Cronex SB-5 1.48 .67 *
Cronex NMC .17 .59
Cronex XL-5 .05 .49
XL-5 SB-5 1.43 .59 *
XL-5 NMC .12 .49
NMC SB-5 1.31 .49 *
Table C9. Newman-Keuls test on saturation density for receivers,
OBSERVED SIGNIFICANCE
I vs. II RANGE LSR (*)
Cronex XV-2 2.19 .72 *
Cronex XL-5 1.17 .70 *
Cronex XG-1 1.00 .67 *
Cronex NMC .68 .59 *
Cronex SB-5 .47 .49
SB-5 XV-2 1.72 .70 *
SB-5 XL-5 .71 .67 *
SB-5 XG-1 .50 .59
SB-5 NMC .22 .49
NMC XV-2 1.50 .67
*
NMC XL-5 .49 .59
NMC XG-1 .28 .49
XG-1 XV-2 1.22 .59
*
XG-1 XL-5 .22 .49




NMC SB-5 Cronex XV-2
DONOR
Figure C3. Saturation density interaction graph,
XL-5 XG-1
Table CIO. ANOVA data for base + fog.
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DONOR (j)














































































T"T i2 = 112.02
r*j
j 8.24 4.58 91.58 2.62 2.50 2.50
f->
I-
.48 .36 1.60 .27 .26 .26 21.92
100









































Table C12. Newman-Keuls test on base

























































NMC SB-5 Cronex XV-2
DONOR










Table C13. ANOVA data for resolution.
DONOR (j)
































































244.92 540.56 817.96 499.08 336.72 $36.72
>-
2.61 3.88 4.49 4.78 3.72 3.06 Wj ~ 677.10
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The correlation coefficient illustrates how closely the
objective type of analysis and subjective type of analysis are
correlated. This value tells how well the 2 evaluation types
agree on a decision.
rs
= +1 indicates total agreement
rg
= 0 indicates no relationship
i"s
=
-1 indicates total disagreement
Minimum r to show agreement between procedures is taken as:














Calculation of correlation coefficient:















r = 1 -
/~1
n(n -1)













To facilitate comprehension of the work in this thesis, the













Treating a donor in a solution containing
radioactive S-35 thiourea which reacts
with silver of the image.
- Process by which a radiograph of an image
is made by exposure of a receiver film
to radioactivity of the image.
- Conversion of silver metal (Ag) to silver
halide (AgX).
- Duration of contact printing the donor to
the receiver.
- Ci; activity of0a radioactive nuclide in
which 3.7(10iU) disintegrations per
second occur.
- The film that becomes radioactive.
- Thiourea of high isotopic abundance of S-35.
- Increasing an images diagnostic appeal as
well as increasing an images detect-
ability.
- Increasing the detectability of an image.
- Gaining visual detectability of an image
from a non-detectable image.
- Proportionate intensification over all













Thiourea of low isotopic abundance of
S-35 due to dilution with S-32.
Disproportionate intensification among
steps of a wedge in an autoradiograph.
Radiograph used in evaluation of the
autoradiographs; radiograph of a 16
step wedge exposed such that all 16
steps are visible.
The X-ray film which is exposed to the
donor; the autoradiograph.
Reducing the amount of silver in the
emulsion.
Abbreviation for the non-radioactive
sulfur species.
Abbreviation for the radioactive
isotope of sulfur.
The number of nuclear transformations
that occur in unit time per unit mass,
A radiograph made using 30% of the
optimum exposures energy; these
radiographs are used as donors.
